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What is the role of the membrane-associated cyto- brain are likely to be complex, and the tools we posses
skeleton in gating the DEG/ENaC channels? The Unc- are relatively coarse. In this light, the fact that scientists
105 mutant in C. elegans is characterized by hypercon- generally are clever enough to think of mechanistic sce-
tracted muscle resulting from unabated cation entry. narios that cannot be disproved by existing empirical
Unc-105 interacts with Let-2, which encodes collagen tools complicates the search. Furthermore, the imbal-
IVa2. The Unc-105 mutation can be counteracted by anced impact of positive results over negative results,
mutations in Let-2, further reinforcing the notion that or the natural bias of scientists to champion their own
the cytoskeleton is important in the gating of mechano- point of view, can prolong the discourse. Whatever the
sensitive channels. In humans, X-linked Becker's and source, the field of LTP has been mired with LTC to the
Duchenne's muscular dystrophies are associated with point that most consider it a long-term tar pit (LTTP).
a faulty myoplasmic Ca21 handling somehow resulting How does one escape eternal fossilization? It can only
from the disruption of the cell cytoskeleton (Anderson be hoped that over time different groups, using different
and Kunkel, 1992). By analogy, recordings of mechano- techniques and asking questions related to different as-
sensitive channels from skeletal muscle from a mouse pects of synaptic transmission modulation, will provide
model of human X-linked muscular dystrophy (mdx) ex- the cleansing solvent.
hibit constitutively active channels at rest (Franco and Toward this end, a number of groups have been
Lansman, 1990) and elevated Ca21 entry (Turner et al., scouring the biophysical underpinnings of some scenar-
1991). It will be interesting to see if mutations of the DEG/ ios proposed to explain LTP in CA1 hippocampus. This
ENaC channels cause human disorders not previously month, Gomperts et al. (1998 [this issue of Neuron])
understood on the molecular level. address the biophysical basis of ªsilentº synapses, a
sticky issue currently at the fulcrum of the debate over
Alfredo Franco-ObregoÂ n and David E. Clapham whether LTP is due to a pre- or postsynaptic modifica-
Children's Hospital tion. ªSilentº synapses refer to excitatory transmission
Harvard Medical School mediated purely by NMDA receptors (NMDARs): due
Department of Basic Cardiovascular Research to the voltage-dependent properties of NMDARs, such
Boston, Massachusetts 02115 transmission will produce no postsynaptic response at
resting potentials; hence, it is termed silent. Addition of
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NMDA responses onto cell A are due to the ªspilloverº
of transmitter from a synapse directly contacting cell B.
The concentration of transmitter, once it reaches cellWhy has there been such long-term controversy (LTC)
A, is sufficient to activate NMDARs but not AMPARsover the mechanisms underlying long-term potentiation
because of their lower affinity for transmitter. Gomperts(LTP)? The inability to resolve this debate may have
et al. test this model by examining excitatory transmis-many sources, including intrinsically empirical as well
sion in a preparation where an individual neuron is cul-as sociological factors. Certainly, the regulatory mecha-
nisms underlying modification of transmission in the tured in isolation and makes synapses only on itself. In
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labeling techniques, they make two important observa- press.
tions. First, all presynaptic boutons have a cluster of
adjacent postsynaptic receptors. Thus, indeed, any
spillover response would also produce a direct re-
sponse. Secondly, they show that a significant fraction
of synaptic connections have NMDA and lack AMPA Eph Receptors, Ephrins, and PDZsreceptor immunolabeling and can thus account for the
Gather in Neuronal Synapsespure NMDAR transmission.
Thus, for this preparation, the authors argue that trans-
mitter spillover cannot account for the pure NMDAR
responses, and they provide anatomical evidence for Efficient intercellular communication depends on the
synapses with only NMDARs. This, along with another localization of specific signaling proteins to particular
recent study (Liao et al., 1999), indicates that cultured sites on the cell surface. The synaptic junction, which
neuronal preparations have silent synapses that can be mediates rapid communication between neurons, pro-
accounted for by synapses with only NMDARs. Such vides a striking example in which specific proteins ac-
synapses have also been identified in the experimentally cumulate at membrane specializations on both sides of
more hostile terrain of the intact brain with immunogold the synapse. For instance, ionotropic glutamate re-
ceptors are highly concentrated in the postsynapticelectron microscopy (Nusser et al., 1998; Petralia et al.,
membrane of excitatory synapses. What is the molecu-1999). Pure NMDAR synapses were found to be more
lar mechanism underlying such localized clustering ofprevalent in CA1 hippocampus early in postnatal devel-
membrane proteins? Recent studies have highlightedopment, supporting the view that initial synapses my
the role played by proteins that contain PDZ domainsbe silent and become AMPAfied during development
(Sheng, 1997; Ziff, 1997). PDZ domains are modular pro-through an activity-dependent process (Nusser et al.,
tein interaction domains that typically recognize short1998).
peptide sequences of four or more amino acids at theFinding that silent transmission can be due to action at
very C terminus of its ligands, and different PDZ domainssynapses with only NMDARs enhances our knowledge
recognize different C-terminal sequences. For example,about basic excitatory transmission in the brain. Further-
PDZ domains in the PSD-95/SAP90 family of postsynap-more, this provides an important element to a postsyn-
tic density proteins bind to the C-terminal -ESDV peptideaptic model for expression of LTP. These results come at
sequence of NR2 subunits of the NMDA receptor. On
the heel of several studies arguing against presynaptic
the other hand, GluR2/3 subunits of AMPA receptors
changes during LTP. Three independent groups, using bind via their C termini (-SVKI) to GRIP, a protein con-
synaptic (Mainen et al., 1998) or peri-synaptic (Diamond taining seven PDZs (Dong et al., 1997). Studies of PDZ-
et al., 1998; LuÈ scher et al., 1998) detectors of synaptic based interactions in synapses have naturally focused
transmitter release, found no increase after LTP. While on neurotransmitter receptors and ion channels, which
an optimistic observer may thus conclude that the tar are known to be concentrated in synaptic junctions. By
is thinning, and that the LTC of LTP is getting resolved, contrast, little is known about receptor tyrosine kinases
there may (always) be more clever scenarios to consider. (RTKs) in neuronal synapses. Some RTKs (MuSK and
erbB receptors) are concentrated in the vertebrate neu-
romuscular junction, but the mechanisms underlying
Roberto Malinow this localization are unclear. No interactions between
Cold Spring Harbor Laboratory RTKs and PDZ domains have been reported in verte-
brates. Enter Torres et al. (1998 [this issue of Neuron])Cold Spring Harbor, New York 11724
